Introduction to FRIPS
Free radical initiated peptide sequencing (FRIPS) is an alternative method for the gas-phase sequencing that gives information complementary to that obtained by traditional CID or ECD/ETD experiments [1] . In this technique, a free radical precursor is attached to the N-terminus of a peptide or protein via standard NHS-activated coupling. When the derivatized peptide is subjected to collisional activation, loss of the free radical precursor via homolytic bond cleavage generates an acetyl radical at the N-terminus of the peptide. This radical then abstracts a hydrogen atom from various sites along the peptide, yielding side chain loss or cleavage of the C α -C backbone bond through β-elimination. The product ions formed are highly sensitive to the C β -H bond dissociation energy (BDE) of each amino acid residue, with residues possessing high C β -H preferentially generating side chain loss and those with low C β -H leading to backbone dissociation [2] . Figure   S1 shows a general schematic of the current generation of FRIPS reagent, which utilizes the 2,5-dioxopyrrolidin-1-yl 2-(2,2,6,6-tetramethylpiperidin-1-yloxy)acetate (TEMPO-NHS) as the free radical precursor. Free radical product ions may also be generated in the MS 2 spectrum via reaction of generated acetyl radical without further collisional activation.
Supplementary Figure 1 : Schematic of FRIPS methodology; the TEMPO precursor is coupled to the N-terminus of the peptide, and subsequent collisional activation leads to loss of the TEMPO moiety, generating an acetyl radical. CID of this radical then leads to hydrogen atom abstraction and followed by dissociation of the amino acid side chain or backbone.
Materials and Methods

Synthesis of TEMPO-based FRIPS Reagent
The TEMPO-based FRIPS reagent recently developed by Sohn and coworkers in the Beauchamp group, based upon the procedure outlined by Lee and coworkers [3] , was synthesized and employed for free radical generation [4] . Briefly, the FRIPS reagent was synthesized from a methyl 2-bromoacetate starting compound, to which the TEMPO (2,2,6,6-Tetramethylpiperidine-1-oxyl) reagent was coupled to give methyl 2-(2,2,6,6-tetramethylpiperidin-1-yloxy)acetate. This compound was then converted to 2-(2,2,6,6-tetramethylpiperidin-1-yloxy)acetic acid by stirring in 2M KOH in THF for 24 h. The free acid was then activated by mixing with trifluoroacetic N-hydroxysuccinimide ester in dry DMF for 24 h to yield 2,5-dioxopyrrolidin-1-yl 2-(2,2,6,6-tetramethylpiperidin-1-yloxy)acetate, the desired TEMPO-based FRIPS reagent.
Model Peptide Derivatization
To derivatize the model peptides, ∼1 mg of a peptide was dissolved in 1 mL of a 50/50 (v/v) mixture of acetonitrile and water, vortexed for 3 min, sonicated for 15 min, and centrifuged at 4500 rpm for 5 min. A reaction mixture of 50 µL of peptide supernatant and 10 µL of a 10 µg/µL solution of FRIPS reagent in acetonitrile in a 100 mM triethylammonium bicarbonate buffer (pH 8.5) was prepared. The reaction was allowed to proceed for 2 hr and then quenched by addition of 2 µL of formic acid. The solvent was removed with use of a rotary evaporator, and the sample was resuspended in 10 µL of 0.1% trifluoroacetic acid and purified using a C18 ZipTip (Millipore, Billerica, MA) according to manufacturer protocol. The eluted sample was increased to a final volume of 500 µL in 49% methanol, 49% water, and 2% acetic acid (v/v).
Experimental Setup
The experimental setup consists of an electrospray ion source (ESI), the ROMIAC, and a Finnigan LTQ-MS (Thermo Electron Corp.); a detailed schematic is shown in Fig. S2 . A syringe pump fitted with a 250 µL syringe (Hamilton Co., GASTIGHT 1725) supplies solution at a rate of 5 µL · min −1 to the ESI, which is maintained at 5 kV potential relative to ground by a high voltage power supply (Acopian PO10HD6). Two equal flows of compressed N 2 gas are cleaned through a HEPA filter (Pall Life Sciences HEPA Capsule) and enter the ESI chamber perpendicular to the spray needle and convey ions to the ROMIAC. The ESI N 2 flow is measured by monitoring the pressure drop through a laminar flow element (LFE) using a differential pressure transducer; the ESI gas temperature, T ESI , is heated for some experiments via heating tape wrapped around the two gas inlet tubes to the ESI chamber, controlled by a variable autotransformer (Variac Type W5MT3) and measured with a thermocouple (Omega 871 Digital Thermometer). All TAAX, UB, and model peptide measurements were performed at T ESI = 298 K, while BK, AT1, and AT2 measurements were done at both T ESI = 298 K and 400 K.
The cross-flow gas through the ROMIAC is also compressed N 2 that is cleaned through a HEPA filter and regulated with a proportioning solenoid valve (MKS Instruments Inc. 0248-20000SV). The cross-flow is exhausted through a vacuum pump (GAST 1023-101Q-G608X), with the flow rate kept constant by a critical orifice at the inlet to the vacuum pump. The flow rate of the classified ion flow leaving the ROMIAC is also monitored with a LFE. All experiments were run at Q x = 34.3 lpm and Q s = 1.70 lpm, resulting in R nd = 20.2, and the cross-flow gas temperature, T x , was 298 K.
Analytes were at atmospheric pressure the entire journey from the ESI spray needle to the LTQ-MS inlet, the duration of which is estimated to be on the order of tens to hundreds of milliseconds. 1461-1466 a C2-C8 and C12 TAAX ions are brominated, except for C3 ions, which are iodinated. m/z ranges across 5 Da to include C isotopes.
Calibration Procedure
C2-C8 and C12 TAAX monomer ions were used as instrument calibration standards, as their reduced mobilities are unaffected by trace carrier gas contaminants and temperature [5, 6, 7] . TAAX monomer ion mobility values are from [6] . There is a linear relationship (R 2 > 0.999) between K
and φ * i of the TAAX monomer standards (Fig. S3 ). This relationship is used to determine K i and reduced mobilities, K 0,i , of C2-C8 and C12 anion-coordinated multimer species (see SI) .
+2 , UB +7 , and UB +8 from [8, 9] were used for mobility calibration of 
Calculations Reduced Mobility and Collisional Cross-Section
Calculated mobilities were converted to reduced mobilities, K 0,i , by the relationship
where T is the carrier gas temperature and p is the carrier gas pressure.
Collisional cross-section values of BK +1 , BK +2 , AT2 +1 , AT2 +2 , UB +7 , and UB +8 from [8, 9] were used in the mobility calibration of the ROMIAC. There is a linear relationship between φ * i and
is related to Ω i via the Mason-Schamp equation [10] :
where q i = z i e is the ionic charge, N = p kT is the carrier gas number density via the ideal gas law, k is the Boltzmann constant, m i is the ion mass, and M is the carrier gas mass. Therefore, φ * i can be related to Ω i via a coefficient, β:
In the case of a mobility calibrant displaying a multi-peaked signal, the peak making up the greatest proportion of the total signal was taken as the peak corresponding to φ * i for the calibrant. The relationship between Ω i and β is linear (R 2 > 0.996), as shown in Fig. S4 . It must be noted that there is a very large standard error of the intercept relative to the intercept value (see Fig. S4) due to a limited range of Ω covered by only nine mobility calibrant ions (i.e. non of the calibrant ions had a mobility near zero), which can result in large uncertainties when using the calibration to determine a Ω value for other biomolecules.
Signal Deconvolution and Fitting
Each classification signal, S, for TAAX ions, peptides, and model peptides was fitted to a Gaussian function of the form
where a is the peak amplitude, b is the centroid, c is related to the peak width, and n is the number of peaks. The value ∆φ F W HM is then calculated as:
A single peak was fitted to the signal if it appeared to be composed of one peak and the resulting value of R was no more than R nd . If the signal appeared to be composed of multiple peaks, additional Gaussian terms were attempted to be fitted to where they were visually evident, with consideration that the values of R could not surpass R nd .
In the case of multi-peaked signals, the proportion of each species' contribution to the total signal was estimated by calculating the integral under each Gaussian term, A j ,
and then calculating the fraction
Results
Discussion of Effect of Field-Induced Heating
An ion's mobility, and therefore its cross section, is dependent on the ratio of the electric field, E, to the concentration of neutral particles, N [11] . Inside the classification region of the ROMIAC, the electric field is ∼100 V/cm, the pressure, p, is 101,325 Pa, and the temperature, T , is 298 K.
Under these conditions, the E/N ratio is ∼ 3 × 10 −19 Townsends, which means that field-induced heating is negligible in this study.
In addition, note that N 2 molecule collisions in the ROMIAC orthogonal cross-flow classification region are unlikely to significantly increase the internal energy of analyte ions since the mean velocity of molecules in the cross-flow is only ∼ 10 −1 m/s, much smaller than the background mean velocity of the bath molecules at 298 or 400 K (∼ 10 1 to 10 3 m/s).
Calibrations
Instrument and mobility calibrations show a linear response in K 0,i to φ with TAAX ion standards (R 2 > 0.999; Fig. S3) and Ω i to β with calibrant peptides (R 2 > 0.996; Fig. S4 ). The ROMIAC also demonstrates high resolution with the TAAX standards (close to R nd ; Table S4 ), though resolution of the calibrant peptides and proteins were generally not as high as those of the TAAX standards (Table S6 ). This reduced resolution for peptides is fairly typical and is often assigned to the existence of multiple conformers within the mobility envelope [12, 13, 14, 15, 16, 17] Values from [6] . Mobility values are in units of [ Supplementary Table 6 : Peptide mobility calibration detailed results. Values from [6] . Mobility values are in units of [cm
Values from [9] .
d
Values from [8] .
Supplementary Fig. 3 and Fig. S5 . Detailed signal, Gaussian fit, proportion, and resolution values are found in Table S9 .
* Indicates parent/dominant conformation for that species. # Indicates peak was also used as a mobility calibrant. References: b [9] c [20] d [8] .
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396±26.4 24.6% 11.6% 18.3% a In N 2 at atmospheric pressure, T ESI = 400 K and T x = 298 K. Values are the average of three scans. Peak numbers correspond to those labeled in Fig. 3 . Detailed signal, Gaussian fit, proportion, and resolution values are found in Table S10 .
* Indicates parent/dominant conformation for that species. # Indicates peak was also used as a mobility calibrant. References: b [9] c [20] d [8] . Labeled peaks are product ions specific to each isomer used for identification during separation by the ROMIAC; other peaks common to both isomers are not labeled for clarity. Product ions in the FRIPS spectrum are referenced to the acetyl radical generated by loss of the TEMPO moiety. 
